The ginsenoside content of berries and roots of three cultivars of Korean ginseng have been investigated. For all cultivars, ginsenoside Re was the most abundant ginsenoside in roots and berries. However, berries produced more total ginsenosides, and berry the ginsenoside profile differed from that of roots. The ginsenoside Re content of berries was 4-6 times more than that of roots. Averaged across all cultivars, the amounts of the five ginsenosides in berries was Re > Rc ≈ Rg1 ≈ Rb1 ≈ Rd. For roots, the amounts were Re > Rg1 > Rb1 > Rc >Rd. Roots of the Yunpoong cultivar had the greatest ginsenoside content, followed by roots of the Chunpoong cultivar and the Gumpoong cultivar. The total amount of ginsenosides (especially Rb1, Re, and Rg1) was greatest in the Yunpoong cultivar.
Chemists have studied the constituents of ginseng root since the beginning of the 20th century. Several classes of compounds have been isolated, including triterpene saponins, essential oil-containing polyacetylenes, sesquiterpenes, polysaccharides, peptidoglycans, nitrogen-containing compounds, various fatty acids, carbohydrates, and phenolic compounds [3] .
The ginsenosides are specific types of triterpene saponins, and are thus members of the large group of plant glycoside compounds. In the 1960s Shibata and others isolated 13 different saponins from Korean ginseng and classified them according to Rf values on thin-layer chromatography [4] . Subsequently, more than 40 putative ginsenosides have been isolated from ginseng roots. These are classified into two main groups: the glycosides of herb that produces flowers and fruits in its third year of growth. Ginseng root is normally harvested between the fourth and sixth year of growth. Previous studies have evaluated the pharmacological effects of ginseng berries [9, 10] and have shown that the berry has a ginsenoside profile that differs from that of the root [9, 11] . The berry can easily be harvested several times before harvest of the root. In particular, ginsenoside Re, which has an important medicinal value, can easily be collected from the berry without hampering the subsequent harvest of the root.
The three typical ginseng cultivars in Korea are distinguished by berry color. The Gumpoong cultivar has yellow berries, the Chunpoong cultivar orange, and the Yunpoong cultivar has red berries. In this study, we determined the production of different ginsenosides in the roots and berries of these three ginseng cultivars.
To analyze the amounts of the five ginsenosides, the HPLC conditions were optimized by changing the elution gradient. Typical chromatographic profiles obtained from the mixed standard of five ginsenosides, the berry sample solution, and the root sample solution are shown in Figure 2 .
For method variation, five ginsenoside were tested. The linearity of all standards is shown in Table 1 . LOD and LOQ were between 6.5 and 8, and 32.5 and 40, respectively. As shown in Table 2 , the intra-day and inter-day precision RSD is less than 4.70% and 2.48%, respectively. The developed method had fine accuracy with a recovery range from 96.9% to 105.4% (Table 3 ). This result indicates that the HPLC ELSD method is sensitive and accurate for the quantitative assay of the 5 ginsenosides in P.ginseng. Table 4 shows the amount of the five major ginsenosides (Rg1, Re, Rb1, Rc, and Rd) in the berries and roots of the three cultivars studied. Averaged across all cultivars, the relative abundance of the five ginsenosides in the berries was Re > Rc ≈ Rg1 ≈ Rb1 ≈ Rd. Berries of the Chunpoong cultivar produced the highest amount of Re and berries of the Gumpoong cultivar the least amount.
Roots of the Yunpoong cultivar produced the highest amount of all five ginsenosides, especially Rb1, Re, and Rg1. Our study shows clearly that the HPLC-ELSD chromatogram of ginsenosides from Korean ginseng berries was unlike that of the root. In Korea, only the principal roots of Korean ginseng are commercially available, whereas the rootlets, leaves, and berries are considered to be less valuable byproducts.
We found that the total ginsenoside content of roots was much lower than that of berries. Thus, even though berries are traditionally regarded as byproducts, they are an excellent source of ginsenosides. We also compared the content of ginsenoside-Re (the most abundant ginsenoside) in the berries and roots of three different Korean ginseng cultivars.
Our results indicated that berries had higher levels of ginsenoside-Re than did roots. Ginsenoside-Re accounts for ~90%, ~85%, and ~36% of the total ginsenosides of the ginseng cultivars Chunpoong, Yunpoong, and Gumpoong, respectively (Table 4) . Ginsenoside-Re has been suggested as having pharmaceutical potential as a new drug for treatment of diabetes [9, 10] . Until recently, all work on the medicinal value of ginseng has used the dried principal root. Our study is the first to document high levels of ginsenosides in the berries of three different cultivars of Korean ginseng. Table 5 . Identification and quantification of ginsenosides was performed by comparing retention times and peak areas with ginsenoside standards and by direct addition of ginsenoside standards into samples (spike tests). Sample aliquots were filtered through a 0.45 μm poly (tetrafluoroethylene) filter prior to injection. All samples were run in triplicate.
Method validation:
The five ginsenoside standard were used for making calibration curves. The linearity was estimated by correlation coefficients of regression equations of calibration blots. The limit of detection (LOD) and limit of quantification (LOQ) were determined on the basis of signal to-noise ratio (S/N) of 3:1 and 10:1, respectively. The precision was determined by performing intra-and inter-day variations. Five intra day assays were performed within 1 day, whereas the inter day assay was performed on 5 different days. Accuracy was evaluated by recovery rates determined from spike tests at different concentrations. 
